. There were discernible but minor differences between the groups in gender and smoking history only in patients with uncomplicated asthma.
Educational efforts and patterns of medical treatment are shown in Table 2 . The function of the asthma team was evaluated bv reviewing the number of house staff and patient education sessions documented in the medical record. The postintervention group demon- strated increased nurse-patient and attending-intern sessions. Compared with treatment before the asthma program, the postintervention group also showed increased use of peak flow measurements and spacers.
The dose and duration of IV corticosteroid administration fell significantly, patients were switched to oral corticosteroids earlier, and more patients were given inhaled corticosteroids. IV aminophylline use stopped completely, and oral theophylline use declined. LOS was reduced by a mean of0.8 days (17%) in all patients, and by 1.2 days (26%) in the patients with uncomplicated asthma. In the same calendar periods, LOS for all medical service patients fell by 0.5 days (4%), from 12.3 days to 11.8 days. The 30-day hospital readmission rates for patients with asthma were uniformly low, without significant differences between the two groups (Table 3) .
DISCUSSION
This study reports the results of a program to improve the treatment process of adults hospitalized for acute exacerbations of asthma. For 3 years before the program was started, we attempted to improve inpatient treatment patterns using group didactic lectures, teaching rounds, and distribution of National Asthma Education Program guidelines6 to all house staff. The treatment patterns reported in the preintervention patients are the result of vigorous teaching efforts by a few attending physicians. Despite these efforts, the treatment ofpatients with asthma remained suboptimal, as others observed in a large hospital.7 We therefore formed an asthma team to improve the inpatient treatment process.
We developed specific plans to improve patient education, house staff education, and medical management. To assess the effects of the intervention, we Clinical Investigations compared two identical calendar periods 1 year apart to avoid seasonal variation in disease activity and house staff competence. The groups were similar in their available demographic and clinical characteristics, but the pattern of medical care changed significantly following the intervention. We increased the use of inhaled corticosteroids, peak flowmeters, and spacer devices while decreasing the use of IV corticosteroids and methylxanthines.
Nurse-patient education sessions were an integral part of the program. We believe that the inpatient setting is the best time to educate patients in outpatient self-management. The hospitalized patient is likely to be better motivated due to the immediacy of severe illness, and sessions occur without the time constraints and distractions common in a busy outpatient service. These sessions already occurred in the preintervention period, because some patients were recruited into an existing outpatient clinic by the nurse practitioner. However, these numbers of sessions increased significantly following the program. Nurses did not see every patient because of weekend and holiday admissions. While they prepared the patients for a smooth transition to early ambulatory follow-up at the asthma clinic, we did not measure preintervention and postintervention clinic attendance rate.
The house staff was educated using a strategy of "academic detailing"8 that is labor intensive but appeared to be very effective. The 37% reported rate of attending-house staff educational sessions in the postintervention period is an artifact of measurement later in the academic year. Because these sessions began to be measured 4 months after the start of the academic year, attending staffwere disinclined to pursue house staff who were already trained. We anticipate that individualized house staff education will develop a hospital-wide expertise in asthma management, and that incoming house staff will eventually be trained effectively by their supervisory residents.
Guidelines were developed based on team consensus and the available literature, and were used to improve treatment patterns. The guidelines encouraged individualized management strategies based on the severity ofdisease and response to treatment. They also reduced inappropriate variation of medical care. Adherence to guidelines by the house staff was entirely voluntary, and depended on their accepting the logic of the proposed regimen. We believe that mandatory application of guidelines may be counterproductive and violate the cooperative principle ofthe educational process. With this in mind, the guidelines were presented in a nonauthoritarian manner during house staff training sessions, and the asthma team did not write orders.
Quality of care has many components, one ofwhich is LOS. Comparing the preintervention and postintervention periods, LOS decreased by 0.8 days (17%) overall, and by 1.2 days (26%) in patients with uncomplicated asthma. Patients with a major complicating illness did not have a decrease in LOS, probably because the LOS was determined by the complicating illness. The reduction in LOS has several possible causes. An educated house staff may be more secure in their assessment of patient condition and timing of hospital discharge. Early high-quality outpatient care also gives confidence to the discharging physician. Ifan outpatient clinic visit on the day after hospital discharge were guaranteed, it is likely that LOS could be safely reduced further. The reduction in LOS that occurred in uncomplicated postintervention service patients has significant cost implications in a diagnosisrelated group environment. LOS of all medical service patients for the two calendar periods did not change, suggesting that asthma LOS did not decrease only because of hospital-wide initiatives. Rather, it was the result of the asthma team intervention. The program would be counterproductive if a reduction in LOS was associated with an increase in the early hospital readmission rate. Among study patients, readmissions within 30 days for asthma were very low, and identical in the two periods. There is no reliable method to track readmission rates citywide, but our experience indicates that patients prefer to return to the same hospital.
Although the data indicate that the asthma program had beneficial effects, there were methodologic limitations in this study. Data were obtained by retrospective chart review; ideally, a clinical team should design a lead-in period of careful prospective evaluation before initiating the improvement strategy. The lack of a simultaneous house staff control group is also a problem, but we chose not to include one for practical reasons. House staff commonly teach each other, so a control group would have been difficult to design. With a large house staff that rotates monthly, it is impossible to maintain a house staff control group unaffected by team intervention.
The medical regimen we proposed may be of particular interest to clinicians who treat large numbers of hospitalized asthmatics. In accord with recent studies,9'10 the treatment guidelines sought to discontinue the use of IV aminophylline, a goal that was achieved without apparent harmful effect. Oral theophylline use also declined. We attempted to limit the administration of IV corticosteroids to the first 24 h, and encouraged an early change to a single daily oral dose. The doses we recommend are in accord with published guidelines." Imperfect adherence to the guidelines reflects that some patients require a longer duration of therapy. Our guidelines encouraged the house staff to exercise clinical judgment and to individualize therapy.
Administration of high-dose inhaled corticosteroids during a major asthma exacerbation is controversial. The Physician's Desk Reference'2 specifically states that their use is contraindicated, and the National Asthma Education Program report6 does not include these drugs as an option for hospitalized patients with asthma. However, others report the safe use of these agents,'3 and triamcinolone administered with a spacer was uniformly well tolerated by our patients. The early use of high-dose inhaled corticosteroids has two potential advantages. It may permit very rapid reduction of systemic corticosteroid dose following discharge from the hospital.'4 Inhaled corticosteroids are also likely to be an important component of the outpatient regimen, and their early introduction may improve outpatient adherence. The choice of the initial dose of triamcinolone (ten puffs bid), reflects the severity of the asthma, and should be reduced as tolerated on an outpatient basis to reduce the risk of systemic effects.
Our guideline suggests that (-agonist treatment should be self-administered as soon as tolerated. In addition to being cost-effective,'5"6 educating each patient to use the MDI with spacer while still hospitalized develops a skill that he or she will require as an outpatient. 17 We did not attempt to test the efficacy of any particular component of the medical regimen, but we found that the omission of IV aminophylline, early change to a single daily dose of prednisone, and early use of inhaled corticosteroids did not prolong hospitalization.
Most studies of treatment of asthma focus on one aspect of treatment. We combined many components, and therefore cannot comment on whether one may be more important than another. This study measured the improvement ofthe inpatient treatment process, rather than long-term outcome. Although inpatient care is part of a comprehensive asthma program, definitive impact on the disorder requires an effective outpatient effort.18"19 Our inpatient approach effectively identifies and educates patients with severe asthma, facilitating efficient referral to an outpatient program. Further research is needed to determine whether team intervention can decrease long-term asthma morbidity. This strategy is also labor-intensive and requires an ongoing commitment of personnel. Therefore, it would probably be cost-effective only in areas where severe asthma is prevalent.
We found the team approach comfortable and intuitively attractive. It permitted a systematic analysis of the patient care process, a measurement of improvement, and a mechanism for further improvement. As individuals, the team members had encountered difficulty in effecting change of a common clinical process within a large hospital. When the team focused its effort on analysis of delivering patient care and identified the changes needed in the process, our efforts were much more effective. We conclude that the tearn approach used in this study was effective in improving management of asthma in an inner-city hospital.
